Abstract: A nonlinear planar photonic band-gap waveguide with optical parametric process can be used as a source of squeezed light and light with sub-Poissonian photon-number statistics. Suitable conditions for nonclassical-light generation are specified.
Introduction
Properties of nonlinear photonic band-gap structures have been an object of investigations in the last several years [1] . These structures are characterized by a spatial localization of optical modes in confined regions of the structure and also by high densities of these optical modes. Owing to these properties a very efficient nonlinear interaction can occur inside these structures. For example, second harmonic and sub-harmonic generation has been investigated in [2] . These properties may also be suitable for the generation of light with nonclassical properties (squeezed light, light with sub-Poissonian photon-number statistics). The process of second-harmonic generation in a planar nonlinear waveguide with a corrugation on the top can be used to control squeezing of the fundamental field [3] ; the corrugation reproduces a photonic-band gap structure. In this contribution, we analyze a nonlinear photonic bandgap waveguide with optical parametric process; the photonic band-gap structure is set to assure longitudinal confinement of the pump field as well as of the down-converted fields. Longitudinal confinements considerably change amplitude and phase relations of the fields along the waveguide thus providing new possibilities for nonclassical-light generation.
Model
In the nonlinear waveguide, six mutually interacting modes exist [4] : forward-propagating signal field (denoted as sF), forward-propagating idler field (iF), forward-propagating pump field (pF), backward-propagating signal field (sB), backward-propagating idler field (iB), and backward-propagating pump field (pB). Copropagating signal, idler, and pump fields interact nonlinearly; their interaction can be phase mismatched. Also linear coupling between forward-and backward-propagating fields occurs as a consequence of linear scattering of the fields in a photonic band-gap structure. All these effects are described constructing an appropriate momentum operator [5] . Using the momentum operator the corresponding Heisenberg equations are derived. They are solved using the method of small linear operator corrections to mean classical amplitudes. This approach enables to describe quantum features of light applying the method of quantum superposition of signal and noise [6] . Based on these methods, expressions for principal squeeze variances and Fano factors can be found.
Squeezed-light generation
Squeezed light can be generated in modes that are created by a superposition of two of the outgoing fields on a beamsplitter. We denote them as a compound mode. The reason for superposing two fields lies in the fact that one signal and one idler photons are created (or annihilated) together in one elementary quantum event. We then have to collect both photons in order to observe nonclassical properties of a field. We assume a strong incident forwardpropagating pump field and also nonzero incident signal and idler forward-propagating fields. Squeezed light can then be reached in compound modes (sF,iF ), (sB,iB ) (see Fig. 1 ), (sF,iB), and (iF,sB) under certain conditions [7] . The origin of squeezing is in the nonlinear interaction. However, linear scattering of signal, idler, and pump fields in the photonic band-gap structure is necessary for having squeezing in modes (sB,iB ), (sF,iB), and (iF,sB).
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A K Fig. 1 Principal squeeze variance X of mode (sB,iB) as a function of forward-propagating pump amplitude APF and linear coupling constant Kp between the pump fields; details can be found in [7] .
Paying attention to squeezed-light generation in mode (sF,iF), the lowest (best) value of principal squeeze variance is reached assuming perfectly phase-matched nonlinear interaction in a waveguide without photonic band-gap structure. However, in many cases perfect phase-matching of a nonlinear interaction cannot be reached and then a suitable photonic band-gap structure can restore the optimum conditions for squeezed-light generation. Assuming nonzero nonlinear phase mismatch, suitable regions of values of linear pump coupling and linear pump phase mismatch can be found giving low values of the principal squeeze variance of mode (sF,iF).
Sub-Poissonian photon-number statistics
Light with sub-Poissonian photon-number statistics can be generated in compound modes (sF,iF ), (sB,iB ), (sF,iB), and (iF,sB) under suitable conditions [7] . The generated fields have to have amplitudes at single-photon level. That is why, only the forward-propagating pump-field is assumed to have a strong incident amplitude. In order to observe sub-Poissonian photon-number statistics, both signal field (sF) amplitude and idler field (iF) amplitude have to be nonzero at the input.
The lowest (best) value of Fano factor in mode (sF,iF) is met in a waveguide with phase-matched nonlinear interaction and no photonic band-gap structure inside assuming a moderate pumping. If the pumping is too strong, then a photonic band-gap structure can be used to redistribute energy in the pump ;odes and generate light with low values of Fano factor. If the nonlinear interaction is not phase matched, the inclusion of a suitable photonic band-gap structure into the waveguide compensates this phase mismatch and, as a consequence, light with low values of Fano factor is generated. Values of parameters characterizing the photonic band-gap structure are similar as those appropriate for squeezed-light generation.
Increase of signal-to-noise ratio
The nonlinear waveguide can also be used to increase signal-to-noise ratio of an incident field. This effect can be explained claiming that the signal part and the noisy part of the field have different amplification coefficients in the nonlinear process. This property is related to the fact that the nonlinear process is sensitive to a phase of the incident field. If the central phase of the incident field (corresponding to a coherent signal amplitude) is set to have the strongest amplification then the noisy part (with a blurred phase) has to be less amplified on average and signal-tonoise ratio increases.
We have observed an increase of signal-to-noise ratio in a single mode field under the conditions that are similar to those convenient for sub-Poissonian-light generation [7] .
Conclusions
A planar nonlinear photonic band-gap waveguide with optical parametric process has been analyzed from the point of view of generation of squeezed light and light with sub-Poissonian photon-number statistics. A photonic bandgap structure can compensate the nonlinear phase mismatch and therefore create suitable conditions for squeezed-JThElO0 light as well as sub-Poissonian-light generation. This property makes nonlinear photonic band-gap waveguides promising for consideration as sources of light with nonclassical properties. Moreover, the waveguide can also be used to improve signal-to-noise ratio of an incident noisy optical field.
